398 Novon Japan). Photographs of main characters were taken with a digital camera (CAMEDIA C5060WZ, Olympus) and a CCD camera (DP72, Olympus) mounted on the microscope. Genomic DNA was extracted from frozen specimens by using either the modified cetyltrimethylammonium bromide (CTAB) method (Doyle & Doyle, 1987) or ColumnMate Tissue/Cell gDNA Isolation Mini Kit (Watson, Shanghai, China), following the manufacturer's instructions. The primers (NS1 and NS8) and polymerase chain reaction (PCR) procedure used to amplify SSU fragments were in accordance with the previous protocol (Sherwood et al., 2000) , and the primers tufGF4 and tufAR were used to amplify tufA fragments (Famà et al., 2002) . This region was amplified as described in Saunders and Kucera (2010) . All PCR reactions were performed on a MyCycler Thermal Cycler (Bio-Rad, Hercules, California, U.S.A). PCR products were purified with the Gel Extraction Mini Kit (Watson) according to the manufacturer's instructions. After being purified, PCR products were sequenced by Takara Biotechnology Company (Dalian, China) and Sangon Biotech Company (Shanghai, China). When PCR products failed in direct sequencing, they were cloned to vector, according to the manufacturer's protocol (pMDe18-T Vector Cloning Kit, Takara) before sequencing. Sequences generated from the research were deposited in GenBank (accessions KJ617035 for SSU, KJ617036 for tufA).
The sequences of the new species were aligned with sequences from previous research for 25 species of both marine and freshwater Ulva worldwide (cf. Table 1), using Clustal X 2.0 (Thompson et al., 1997) and MEGA 5.0 (Tamura et al., 2011) at default settings. All ambiguous positions were removed prior to analyses. Also from the Ulvaceae, Ulvaria obscura (Kü tzing) P. Gayral ex C. Bliding, Umbraulva amamiensis (Tanaka) Bae & I. K. Lee, and Umbraulva japonica (Holmes) Bae & I. K. Lee were used as outgroups in phylogenetic analyses. Nucleotide differences were calculated by using uncorrected p-distances, which were performed by MEGA 5.0 (Tamura et al., 2011) . Maximum parsimony (MP) analyses were conducted with PAUP*4.0 software, using heuristic search and tree bisection-reconnection (TBR) branch swapping (Swofford, 1998) . Maximum likelihood (ML) analyses were performed using PhyML 3.0 (Guindon & Gascuel, 2003) . Best fit models were selected under the Akaike information criterion (AIC) using Modeltest 3.7 (Posada & Crandall, 1998) . The best fit model used for each locus is listed in Table 2 . The bootstrap resampling method, using 1000 respective replicates, was used for estimating robustness of trees reconstructed by MP and ML analyses (Felsenstein, 1985) . Bayesian inferences were performed with MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003) , using the models previously estimated. Two independent runs, each comprising four chains, were completed for 10,000,000 generations and sampling every 100 informative sites. The GþC content was 49.6% in Thallus light green, tubular, up to 25 mm diam., the aligned sequence data set. Within the aligned abundantly spinal branched; branches ca. 40-50 lm regions, the average of uncorrected p-distance was diam., each ending in a single-tier cell (Fig. 1E) ; cells 0.011 from the aligned data set. The uncorrected pin surface view polygonal to quadrate, ca. 23-30 3 distance between ingroup species and outgroup 12-20 lm, arrayed in distinctively longitudinal series species ranged from 0.012 to 0.028. Six nucleotide in younger thalli, gradually becoming less ordered in differences were found between Ulva shanxiensis older ones (Fig. 1F) ; cells in cross-section of and U. pertusa Kjellm. from Japan with 1653 membrane ca. 15-20 3 10-15 lm (Fig. 1C) ; cells nucleotide aligned sequences (0.36%); seven nuwith several pyrenoids ranges from 1 to 5.
cleotide differences were found between U. shanxiensis and U. lactuca L. from Japan with 1653 Ecology and distribution. Ulva shanxiensis was nucleotide base aligned sequences (0.42%). Ulva attached at the bottom of a stream in Shentou Spring, shanxiensis resolved as sister in clade B with U. Shuozhou City, Shanxi Province, in northern China. pertusa and U. lactuca (Fig. 2, with 0 .61 Bayesian The stream is about 3 m wide, 40 cm in depth, and posterior probability). The topology of the Bayesian the water is clear, with a temperature of 158C and pH inference (BI) tree and the ML tree were similar, but 6.8 in April. differed in that U. pertusa and U. lactuca were sister to U. shanxiensis rather than basal sister to the clade IUCN Red List category. Ulva shanxiensis is including U. shanxiensis. Contrary to the ML tree, known only from Shentou Spring, Shouzhou City, 2 these three species had the same placement in the Shanxi. The distributional area is about 6 km and MP tree as in the BI tree, but at low support values. there are ca. 500 to 700 individuals (D1, D2). This A total of 735 base pairs for tufA sequences were species should be categorized as Vulnerable (VU) determined and aligned in this study. The aligned according to IUCN criteria (IUCN, 2012) .
41 tufA sequences had 195 (26.53%) variable bases and 119 (16.19 Etymology. The specific epithet is derived from %) parsimoniously informative sites with 33.4% GþC content. The average of uncorrectthe spring name of the type locality. ed p-distance was 0.053 from the aligned tufA Discussion. Morphological characters for Ulva sequence dataset. The uncorrected p-distance shanxiensis are obviously different from those of U. between ingroup and outgroup species ranged from intestinalis, which is the only freshwater Ulva species 0.060 to 0.103. Between 29 and 31 nucleotide recorded completely in China (Tseng, 1983 ; Li & Bi, differences were found between Ulva shanxiensis 1998). Ulva shanxiensis is characterized by abundant and U. prolifera for accessions from the United spinal branches in both the new species and U. Kingdom, Canada, and the United States. For 730-prolifera (vs. simply or rarely branched from the very 732 nucleotide aligned sequences (3.97%-4.23%), base in U. intestinalis). The sparse branches all over 23 nucleotide differences were found between U. U. intestinalis thallus or only at the base of the thallus shanxiensis and U. gigantea, and for 730 nucleotide make it different from U. shanxiensis. The cell walls aligned sequences (3.15%). The phylogenetic tree are not thicker on the internal surface of the thallus in based on tufA gene indicated that U. shanxiensis is transverse section in both the new species and U. included in clade B with U. gigantea, U. laetevirens, Ulva shanxiensis (Ulvaceae) from Shanxi, China U. fasciata, U. ohnoi, U. beytensis, U. reticulate, and species assort differently, to clade C and clade A, U. lactuca (Fig. 3 , with 0.88 posterior probability/-/ respectively (Fig. 3) . The new species differed from 64 MP bootstrap support values). Accessions of U. U. intestinalis by nine to 20 and 40 nucleotide shanxiensis also positioned in clade B in the MP and substitutions in the SSU and tufA sequences, ML trees, but differed in some detail. The new respectively. Sixteen and 29 to 37 nucleotide species is further supported by significant genetic substitutions were observed between the new differences found in tufA sequences. Ulva shan-species and U. prolifera in the SSU and tufA xiensis shares relationship with morphologically sequences, respectively. Ulva shanxiensis differed similar U. intestinalis and U. prolifera, but both by 23 nucleotide substitutions in the tufA sequences 402 Novon from U. gigantea, and morphological characters Ulva is represented by three freshwater species in clearly distinguish the species (Loughnane et al., China (Tseng, 1983; Li & Bi, 1998 Volume 23, Number 4 Chen et al. 403 2014 Ulva shanxiensis (Ulvaceae) from Shanxi,
